Abstract-Theoretical concepts learnt during lectures are usually toughened by Experimental work. The concept of modeling, analysis and designing various circuits and systems in linear integrated circuit are extremely challenging. To impart this knowledge effectively to a large number of students at undergraduate level is even more challenging. Computer simulations are one of the best alternate to hardware implementation. It has been experienced that student's confidence, interest for the subject and their depth of gaining knowledge were enhanced through the utilization of these computer simulation tools. In this study, the efficacy of using PSPICE and MATLAB/SimElectronic in teaching and developing virtual lab of linear integrated circuit is presented. 
I. INTRODUCTION
Linear integrated circuit course has gained popularity in the recent past due to continuous & rapid development of VLSI technology. In this course, the students are guided throughout a complete design, analysis & simulations of various circuits. One of the main linear integrated circuits is operational amplifier commonly known as OPAMP and Timer 555. Generally linear integrated circuit laboratory experiments are conducted using hardware trainer and discrete components [1] - [2] . In this direction, hardware laboratory exercises integrated with simulation tools plays a pivotal role to enhance professional skills of students. The following learning objectives were considered while integrating hardware exercise with simulation tools:
 To be aware about learning techniques used for analysis and synthesizing discrete and integrated circuits.  To improve the theoretical concepts of students.  To improve the ability to design electronic engineering projects based on discrete and integrated circuits.  To guide throughout a complete design process of discrete and integrated circuits under realistic trade-off conditions. In this study, innovative framework of utilizing these simulation software's such PSPICE and MATLAB/SIMELECTRONIC in teaching and learning various concepts of linear integrated circuits is presented. The main contents of proposed course of linear integrated circuits are shown in Table I . In the forthcoming section, a brief overview of PSPICE & MATLAB/SIMELECTRONIC is presented.
II. OVERVIEW OF PSPICE &MATLAB/SIMELECTRONIC
It is well evident that simulation tools play a pivotal role in every field of engineering whether it is computer, electronics, electrical, civil, mechanical etc. PSPICE and MATALB/SIMELECTRONIC are two typical computer simulation tools. The advantages of using these simulation tools include:
 Provide a strong virtual laboratory environment.  Easy to build or modify circuits using simulation tool.  To allow user to modify various parameter and observe the outcome on circuit.  Easy to eliminate component or equipments that affect outcome. Although simulation tools play a vital role but the main drawback of using computer simulation tools is that the designer is totally unawares about physical handling of circuit components. PSPICE: PSPICE [3] - [4] which stands for PC version, Simulation Program with Integrated Circuit, is most popular simulation tool that models the behavior of a circuit containing analog and digital components. It can perform both basic and advance analysis like DC, AC, Transient, sensitivity, noise and temperature. Dr. Lwrence Negal at University of California has originally developed SPICE algorithm which is the brain of PSPICE developed by MicroSim Corporation. One can download student version of this software from www.cadence.com free of charge. PSPICE is widely used in industry as well as education because of the following reasons:
 It has analog and digital parts which can be used. A numbers of experimental exercises are assigned to the students using both the simulation tools and prototyping using training board. But only a few universities and engineering institutions, teach simulation tools as a part of the syllabus in class/labs. If simulation tools like PSpice and MATLAB/SimElectronic are included in their course curriculum, it saves time and potentially creates interest in the subject. Moreover if these simulation tools are taught by an experienced person, confidence of students in theory increases significantly. In this work, two selected examples are simulated using PSPICE & MATLAB/SIMELECTRONIC.
The first laboratory assignment is to design of Band Pass filter. The PSPICE Schematics and MATLAB/SIMELECTRONIC based model of Band Pass filter for two cut-off frequencies i.e f H =10KHz and f L =1MHz are shown in Fig. 1 and Fig. 2 . Band pass filters is one which passes a particular band of frequencies and attenuate any other input frequency outside this pass band such that higher cut-off frequency (f H ) should be greater than lower cut-off frequency (f L ). The transfer function of BPF has the form
where K PB is overall pass-band gain and c  is the resonant frequency in rad/sec. There are two types of band-pass filter: Narrow band pass and wide band pass filter which can be identify from the value of Quality factor (Q) [6] - [7] . If Q less than or equal to 10, filter is wide band and if Q is greater than 10 then it is narrow band pass filter. The relationship between Q, 3-dB bandwidth (BW) and resonant frequency (f R ) is given by eq. 2
For the wide band pass filter as shown in Fig. 2(a) with f H =10kHz and f L =1MHz, a maximum gain attained at the resonant frequency (f C ) which is given by eq. 3 The simulated result using MATLAB and PSPICE are shown in Fig. 3 and Fig. 4 respectively. They show that two cut-off frequencies and overall gain are almost same as calculated mathematical. Thus it is very easy for students to modify components values in Schematics and MATLAB based Model, re-simulate the filter and then compare new simulated results with theoretically calculated value till desired results are not obtained. In second part of study, designing of square wave generator is presented which is also called free running oscillator [8] as shown in The principle of generation of square wave output is to force an op-amp in the saturation region [9] . Whenever input at inverting terminal just exceeds 
In this way, we can assign a number of experiment and projects based on linear integrated circuits course curriculum as listed in Table1.
IV. RESULTS AND DISCUSSION
In this paper, we have simulated two example related to the course of linear integrated circuit and shows their output using PSPICE and MATLAB/SimElectronics software. The cut-off frequencies obtained from both the Simulation tools for band pass filter are approximately equal to mathematically obtained frequencies. Similarly, the oscillation frequency and threshold voltages of square wave generator are almost equal to the mathematically calculated frequency and threshold voltages respectively. The simulated and mathematically calculated results for the above two examples are compare and found in accordance with the theoretical results.
V. CONCLUSION
In this paper, the authors have proposed a new framework for teaching linear integrated circuits and also used PSPICE and MATLAB/SimElectronic to demonstrate how some of experiment can be simulated and studied outside laboratory. This approach improves the performance and response of students in teaching and learning. In net shell, simulation tools can be used profitably in the analysis of any problem related to operational amplifier.
